Abstract. Selenium (Se), as an essential element, has its effects on the growth and development of plants. Present study aimed to assess Se mediated chlorophyll contents, net photosynthesis, biomass accumulation and activity of carbon metabolism enzymes. Three different levels of Ethylenediamine tetra acetic acid -chelating Se (EDTA-Se) at 10(E1), 30(E2) and 50(E3) μmol L -1 were overhead applied at initial heading stage of two aromatic rice cultivars i.e., Xiangyaxiangzhan and Meixiangzhan2, the treatment without Se were served as control (CK). Results revealed that exogenous Se applications enhanced the chlorophyll content as well as net photosynthetic rate (Pn), meanwhile, grain weight at maturity and the biomass accumulation during the filling had been remarkably improved. Furthermore, growth, yield and quality components were also improved by Se application. Hence, Se proved better for both rice cultivars whereas the E2 was the best treatment with the highest yield, biomass accumulation and net photosynthesis rate.
Introduction
Rice production is the cornerstone of Chinese food safety system. Recently, as the human populations swell across the world, the demand for rice has been increasing, while available cultivated land for it has been decreasing. The study of Krishnan et al. (2007) showed that it was possible there would be 10 billion people on the earth. In the coming decades, it would lead to increasing the demand for rice. Aromatic rice is a delicacy in rice and has always been the focus of the people because of its predominant tasty, captivating fragrance and other unique features. Despite aromatic rice has been fetching an extremely high price, interestingly, the demand for it keeps growing steadily . However, just like other rice cultivars, the yield of fragrant rice is affected by many uncertain factors such as climate condition and other environmental factor. For example, Mo et al. (2015) demonstrated that shading the aromatic rice plant during the grain filling stage could significantly reduce its yield. Further study on lead (Pb) stress caused a huge loss in yield of fragrant rice (Ashraf et al., 2018) . Meanwhile, a series of researches indicated that certain artificial regulation and application could improve the quality and yield of aromatic rice. Ren et al. (2017) found that fertilizer treatment and severe drought conditions applying separately not only improved the yield of aromatic rice significantly, but also enhanced the 2-acetyl-1-pyrroline (2-AP), the key element of the fragrance of aromatic rice, content in the plant (Yajima et al., 1979) . The investigation of Pan et al. (2017) also found that mechanized deep placement of nitrogen fertilizer elevated aromatic rice yield dramatically.
Multiple microelements are available to promote fragrant rice performance. Li et al. (2016) demonstrated that Manganese (Mn) could regulate yield information of aromatic rice and enhanced 2-AP content in grains by improving the synthesis of proline and pyrroline-5-carboxylic acid (P5C) (2-AP's precursors) as well as promoting activity of proline dehydrogenase (ProDH). The report of Mo et al. (2017) revealed that Silicon (Si) application had ability to improve the growth, yield, quality and 2-AP contents of fragrant rice because of the net photosynthetic (Pn) rates, proline contents and activity of ProDH being enhanced.
Selenium (Se), as a significant element, plays an essential role for humans, animals and plants. An analysis (Gladyshev et al., 1999) of Se revealed that poor immune function, high risk of mortality, and cognitive decline had been associated with deficiency of Se while taking Se supplementation had improved the virus inhibitory effect and reduced the risk of catching an autoimmune thyroid disease. With the advance of research, Se was proven to be able to against toxic elements such as arsenic, antimony, mercury and copper (Srivastava et al., 2009; Gotsis, 1982) . Moreover, the research of Wang et al. (2012) generated a selenium-enriched rice with high production and enough bioavailability by using selenite fertilization.
Photosynthesis, as an important physiological process in rice, affected rice growth and yield significantly (Zhong et al., 2019; Cao et al., 2018) . Normally, the proportion of cop biomass which is directed towards the harvested part could decide the potential of rice yield. To date, there are few reports about fragrant rice photosynthesis and the effect of Se application on fragrant rice. Moreover, Ethylenediamine tetra acetic acid -chelating Se (EDTA-Se) is a new exiting form of selenium element. Hence, it has much room for investigation and based on the hypothesis that exogenous Se application in initial heading stage could enhance the rice photosynthetic characteristics during the filling stage, this study was conducted in Guangdong province (major rice producing province in South China) in order to study the effect of EDTA-Se on rice photosynthesis and dry matter accumulation during the filling stage.
Materials and methods

Plant materials and growing condition
Two aromatic rice cultivars, Xiangyaxiangzhan and Meixiangzhan2, which are widely cultivated at South China, having 111-114 days of growth period were planted in late season at Experimental Research Farm, College of Agriculture, South China Agricultural University, Guangzhou, (23°09'N, 113°22'E and 11 m from mean sea level) China (Fig. 1) 
Plant sampling and determination of biomass accumulation
At heading stage and maturity stage, the rice plants were harvested from six unit sampling areas (1 m 2 ) in each plot. The leaves, stem-sheaths and grains were separated from the plants and dried under the condition of 80 °C respectively in order to get the estimation of dry matter. The thirty fresh flag leaves were separated and collected from the rice plants at the 15th day after heading stage, washed with double distilled water and stored under the condition of -80 °C for the sake of chlorophyll analysis.
Biomass accumulation during filling stage (BADF) was calculated as: BADF = Total dry weight at heading stage per hill -total dry weight at maturity per hill.
Determination of photosynthesis
Portable photosynthesis system (LI-6400, LI-COR, USA) was used to determine net photosynthetic rate at 09:00-10:30 a.m. according to the standard method 
Estimation of chlorophyll contents
The contents of total chlorophyll (total Chl), chlorophyll a (Chl a) and chlorophyll b (Chl b) were determined by the methods of Anjum (2016) . Grinding leaf sample (about 0.1 g) was placed in 15 ml centrifuge tube along with 95% absolute ethyl alcohol (10 ml) and then kept at dark condition until the color of sample transformed turn into white. Then with the help of UV-visible spectrophotometer, Chl a, Chl b and total Chl contents were estimated at 645 nm, 652 nm and 663 nm.
Determination of yield and yield related traits
At maturity stage, the rice grains were harvested from seven unit sampling area (1 m 2 ) in each plot and then threshed by machine. The harvested grains were sun-dried and weighted in order to determinate the grain yield. Twenty hills of rice from different locations in each plot were sampled for estimate the average effective panicles number per hill. Then, three hills representative plants were taken for estimation of the yield related traits.
The economic coefficient (EC) was calculated as: EC = grain weight / whole plant weight.
Statistical analysis
Data were analyzed using statistical software 'Statistix 8.1' (Analytical Software, Tallahassee, FL, USA) while differences amongst means were separated by using least significant difference (LSD) test at 5% probability level. Graphical representation was conducted via Sigma Plot 14.0 (Systat Software Inc., California, USA).
Results
Chlorophyll contents
Exogenous Se applications affected chlorophyll contents at filling stage significantly (Fig. 2) . For Xiangyaxiangzhan, compared with CK, all Se treatments markedly increased the contents of both total chlorophyll and chlorophyll a (except E3) while chlorophyll b content of E2 was 1.32-fold higher than CK. For Meixiangzhan2, the highest total chlorophyll, chlorophyll a and chlorophyll b were all recorded in E2 while the chlorophyll contents under E1, E2 and E3 treatments were all higher than CK respectively.
Net photosynthetic rate
As shown in Figure 3 , net photosynthesis varied with different Se applications in both rice cultivars. The E1 treatment had highest value of net photosynthetic rate while there was no distinct difference between E1 and E2. The trend of net photosynthetic rate was recorded as: E1 > E2 > E3 > CK for both Xiangyaxiangzhan and Meixiangzhan2.
Dry matter accumulation
Different Se applications affected the dry matter accumulation during the filling stage of fragrant rice ( 
Yield and its traits
Overall, foliar applications of EDTA-Se at initial heading stage can increase grain yield of Xiangyaxiangzhan and Meixiangzhan2 ( Table 2 ). For Xiangyaxiangzhan, E1, E2 and E3 had significant higher yield than CK, which were 4.20, 4.33, 4.21 and 4.00 t ha -1 , respectively. For Meixiangzhan2, there was no remarkable difference among CK, E1, E2 and E3 in panicle number, grain per panicle and filling percentage while both E1 and E3 increasing grain weight significantly and the highest yield was also recorded in E2.
Correlation analysis
As shown in 
Discussion
Photosynthesis plays an important role in rice growth and yield information (Zhong et al., 2017 ). Mitchell and Sheehy (2010) had already explained the relationship between photosynthesis and rice yield, this discovery also proposed the view of supercharging rice photosynthesis to increase yield. Our study evidenced the contributions of photosynthesis to fragrant rice yield by showing the significant positive correlation between yield and net photosynthesis rate at filling stage.
Photosynthesis is a complicated phenomenon in plants and is affected by a variety of factors. A previous study already discussed the relationship between the leaf photosynthetic capacity and leaf nitrogen while reviewing the factors which are limiting the photosynthesis under different growth environments (Mae, 1997) . Study of Krishna et al. (2016) showed that cytokinin has ability to delay dark-induced senescence in rice by maintaining the chlorophyll cycle and photosynthetic complexes. There were also certain researches about the effects of metallic and non-metallic elements on the crop photosynthesis. The investigation of SultanaIkeda and Itoh (1999) 2000) which revealed that the electron transfer rate of chloroplast increased with low Se concentration while high concentration of selenium leads to electron transfer rate decreased in chloroplast. Furthermore, the production of rice photosynthesis is carbohydrate and the biomass accumulation of rice plants mostly depends on the net photosynthetic rate in whole growth period. The sucrose is not only the main form of the production of photosynthesis, but also the major transport form for photosynthetic carbon assimilates. The transport rate directly affected the development of library organs and was one of the important factors limiting the further increase of crop yield (Slewinski et al., 2009 ). Normally, the accumulation of sucrose in leaves is controlled by synthase and decomposition enzyme related to the activity of key enzymes of sucrose metabolism including SPS, SS and sucrose invertase. SPS catalyzes sucrose synthesis reaction whilst SS had the duality of synthesizing and decomposing sucrose (Baxter et al., 2003; Tobias et al., 2008; Miswar et al., 2008) . For example, SS mainly catalyzes sucrose synthesis in leaves; however, in grains it catalyzes sucrose degradation. Present study observed that the dry matter accumulation of aromatic rice during the filling stage was improved because of Se treatments. In this study we considered that was the result of the enhancement of net photosynthetic rate.
Normally, the carbohydrate assimilation is the primary source of rice growth while reserving a complementary source for grain filling in rice (Dingkuhn and Gal, 1996) . In this study, we observed that yield had remarkable positive correlation with dry matter weight accumulation during the filling stage. This result agreed with the investigation of Dingkuhn et al. (1990) in which study they demonstrated that about 40 to 45% of panicle dry matter come from measured canopy photosynthesis while 55 to 60% might be the translocation. Another study (Dingkuhn et al., 1990 ) also revealed that canopy photosynthesis provided 58% and 74% for panicle weight at maturity in direct-seeded and transplanted rice, respectively. Present study evidenced that EDTA-Se treatments improved dry matter accumulation during filling stage. Hence, we discovered that Se could be used to increase it because it could improve photosynthesis and finally increase yield.
Conclusion
As a plant growth regulator, 10-50 μmol L -1 EDTA-Se concentration could increase the rice photosynthesis at filling stage and thus improved the dry matter accumulation and grain yield. Furthermore, the EDTA-Se applications enhanced the chlorophyll content and activities of SPS and SS and it might be the reason of Se treatments improving rice photosynthesis. For revealing the mechanism of how EDTA-Se affects rice physiology, much work should be done at molecular and physiological level.
